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AGRICULTURAL DROUGHT IN SOUTH DAKOTA
How Many Droughty Days pji* Season?
Ray F. Pengra 1/
The purpose of this study was to determine the likelihood of
different numbers of drought days per season in ten selected areas of
South Dakota using weather data accumulated by the Weather Bureau.
Information on the likelihood of drought within the Great Plains
is of primary importance for any type of farming. For the prospective
irrigation area in central South Dakota such information is essential to
determine the extent of irrigation needed and the type of irrigation that
will be best adapted to the needs of the area.
What is a Drought?
There is considerable difference in the amount of moisture that
is required for different crops. Hence conditions that constitute drought
for a particular type of vegetation may not seriously harm other crops.
Vegetation wilts when the moisture content of the soil falls below
a certain level. Since the moisture holding capacities of various soils
differ, an exact definition of drought is difficult. For this study we have
assumed available capacities, or saturation amounts, in the root zone of
T7 Assistant Economist, Experiment Station. This study was
developed with the cooperation and assistance of Dr. J, R. Runkles, Associ-
ate Agronomist of the South Dakota Agricultural Experiment Station and
Hodge, State Climatologist of the U. S. Weather Bureau at Huron, South
Dakota. Acknowledgement is also due to Russell Berry, Associate
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2,00 inches, 4,00 inches, and 6.00 inches. We have also assumed that
when daily soil moisture is reduced to less than half of the saturation
figure, a drought exists. For excimple, for the 2,00 inch saturation figure,
all days during which estimated soil moisture was below one inch were con
sidered as drought days. Likewise, for the 4,00 inch saturation figure all
days with less than 2,00 inches of soil moisture were considered as drought
days, and for the 6,00 inch, all days with less than 3,00 inches. Hence,
an agriculturcil drought day is defined as one day during which the soil
contains less than half the available moisture which it can hold at field
capacity. When estimated soil moisture reaches the available field
capacity point, the excess moisture was assumed to either run off or
replace sub-surface moisture.
Purpose and Procedure
The principal elements of climate that are reported at the major
ity of weather reporting stations are precipitation and temperatures. Total
amount of precipitation received is not an adequate measure of the amount
of moisture that is available for vegetation growth, due to the fact that
the climatic requirements for moisture use through evaporation and trsuis-
piration are entirely ignored. Also ignored is the moisture available from
previous periods and loss by run off.
As mentioned, the purpose of this study was to investigate the
likelihood of occurrence of different numbers of drought days per season.
These drought days may occur singly or in a series. Thus, this is not a
study of droughts of different lengths but of the number of droughty days
per season. Historical data from ten South Dakota Weather Bureau sta
tions for the crop seasons 1901 - 1956 was used. These stations are located
at Brookings, Cottonwood, Eureka, Highmore, Huron, Pierre, Rapid City,
Redfield, Sioux Falls, and Watertown.
Daily precipitation and mean temperatures for each of these
ten stations were put on IBM cards and analyzed to determine the daily soil
2/moisture condition using Thornthwaite's formula.—
In this region winter precipitation contributes little to soil
moisture. Therefore, Thornthwaite*s procedure was modified, using
March precipitation as a rule-of-thumb estimate of the entire amount
added to soil moisture during the period November 1 to March 31. The
procedures used are more fully explained in the Appendix.
How to Read the Charts
Figures 1 through 10 show the accumulated frequency distri
bution of drought-days for the ten stations of Brookings, Cottonwood,
Eureka, Highmore, Huron, Pierre, Rapid City, Redfield, Sioux Falls,
and Watertown for the full growing season April 5 through October 31.
They show the likelihood of the number of drought days that can be
expected at each location when the soil saturation capacity is two, four,
and six inches. The number of drought-days are shown on the bottom
See: C. W. Thornthwaite and J. R. Mather, The Water
Balance, Publications in Climatology, Vol. 8, No. 2, 1955. "A Graphical
Technique for Determining Evaporanspiration by the Thornthwaite Method".
Monthly Weather Review, Vol. 86, No. 4, April 1958.
scale* By following each drought day line up to its intersection with the
saturation figure line the likelihood as derived from historical experience
is read on the scale to the left of the chart. This value represents the
percent ofyears during which the soil moisture is computed to have been
less than one half of available field capacity for a given number of days.
These days of agricultural drought are not necessarily consecutive.
Figures 11 through 20 cover only the small grain season April 5
through July 18 whUe figures 21 through 30 are for the corn growing season
May 10 through September 5. These figures are read in the same way as
explained above
Evaluation
To evaluate the results of the study we used Brookings County corn
yields as reported by the Crop and Livestock Reporting Service and the
number of drought days each year using 4 inch saturation for the Brookings
station for the period 1930 through 1956 in a correlation analysis. The
results were as follows:
Y = 37.92 - .22889 X
Y is annual yield of corn
X is number of drought days each year
This indicates that corn yields fall as the number of drought days increases,
The correlation coefficient is .661 which for 26 degrees of freedom is
significant at the 1% level.
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Figure 1, Full Season Likelihood of Number of Drought Days
At Brookings, South Dakota, April 5 - October 31,
1901 - 1956
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Figure 2. Full Season Likelihood of Number of Drought Days
at Cottonwood, South Dakota, April 5- October 31
1901 - 1956
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Figure 3. Full Season Likelihood of Number of Drought Days
at Eureka, South Dakota, April 5 - October 31
1901 - 1956
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Figure 4. Full Season Likelihood of Number of Drought Days
at Highmore, South Dakota, April 5 - October 31
1905 - 1956
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Figure 5. Full Season Likelihood of Number of Drought Days
at Huron, South Dakota, April 5 - October 31
1901 - 1956
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Figure 7. Full Season Likelihood of Number of Drought Days
at Rapid City, South Dakota, April 5 - October 31
1901 - 1956
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Figure 8. Full Season Likelihood of Number of Drought Days
at Redfield, South Dakota, April 5 - October 31
1901 - 1956
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Figure 9. Full Season Likelihood of Number of Drought Days
at Sioux Falls, South Dakota, April 5-October 31
1901 - 1956
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Figure 10. Full Season Likelihood of Number of Drought Days
at Watertown, South Dakota, April 5 - October 31
1903 - 1956
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Figure 11. Small Grain Season Likelihood of Number of Drought
Days at Brookings, South Dakota, April 5 - July 18
1901 - 1956
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Figure 12. Small Grain Season Likelihood of Number of Drought
Days at Cottonwood, South Dakota, April 5 - July 18
1910 - 1956
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Figure 13. Small Grain Season Likelihood of Number of Drought
Days at Eureka, South Dcikota, April 5 - July 18
1910 - 1956
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Figure 14. Small Grain Season Likelihood of Number of Drought
Days at Highmore, South Dakota, April 5 - July 18
1905 - 1956
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Figure 15. Small Grain Season Likelihood of Number of Drought
Days at Huron, South Dakota, April 5 - July 18
1901 - 1956
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Figure 16. Small Grain Season Likelihood of Number of Drought
Days at Pierre, South Dakota, April 5 - July 18
1901 - 1956
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Figure 17. Small Grain Season Likelihood of Number of Drought
Days at Rapid City, South Dakota, April 5 - July 18
1901 - 1956
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Figure 18. Small Grain Season Likelihood of Number of Drought
Days at Redfield, South Dakota, April 5 - July 18
1901 - 1956
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Figure 19. Small Grain Season Likelihood of Number of Drought
Days at Sioux Falls, South Dakota, April 5 - July 18
1901 - 1956
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Figure 20. Small Grain Season Likelihood of Number of Drought
Days at Watertown, South Dakota, April 5 - July 18
1903 - 1956
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Figure 21. Corn Season Likelihood of Number of Drought Days
at Brookings, South Dakota, May 10 - September 5
1901 - 1956
Number of Drought Days
Figure 22. Corn Season Likelihood of Number of Drought Days
at Cottonwood, South Dakota, May 10 - September 5
1910 - 1956
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Figure 23. Corn Season Likelihood of Number of Drought Days
at Eureka, South Dakota, May 10 - September 5
1910 - 1956
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Figure 24. Corn Season Likelihood of Number of Drought Days
at Highmore, South Dakota, May 10 - September 5
1905 - 1956
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Figure 25. Corn Season Likelihood of Number of Drought Days
at Huron, South Dakota, May 10 - September 5
1901 - 1956
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Figure 26. Corn Season Likelihood of Number of Drought Days
at Pierre, South Dakota, May 10 - September 5
1901 - 1956
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Figure 27. Corn Season Likelihood of Number of Drought Days
at Rapid City, South Dakota, May 10 - September 5
1901 - 1956
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Figure 28. Corn Season Likelihood of Number of Drought Days
at Redfield, South Dakota, May 10 - September 5
1901 - 1956
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Figure 29. Corn Season Likelihood of Number of Drought Days
at Sioux Falls, South Dakota, May 10 - September 5
1901 - 1956
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Figure 30. Corn Season Likelihood of Number of Drought Days
at Watertown, South Dakota, May 10 - September 5
1903 - 1956
APPENDIX
The purpose of this appendix is to explain more fully how the
calculations of the likelihood of drought days were made.
First the daily soil moisture at each of the ten stations was
determined using an adaptation of Thornthwaite's methods as explained
in the text. These calculations were made on the International Business
Machine Calculating Punch No. 602A.
To illustrate the calculation of daily soil moisture, the weather
data for one month at Brookings is presented in Table 1. In this table#
it is assumed that the soil is saturated at 4 inches of the moisture and that
the soil had 3.78 inches of moisture at the start of the month.
In Table 1, Column 1 lists the day of the month. Column 2 is the
precipitation received expressed in hundredths of inches. Column 3 is the
potential evapotreuispiration developed graphically by the Thornthwaite
method.This figure is based on daily mean temperatures reported at
the station adjusted for length of day during the season. Column 4 is the
difference between potential evapotranspiration and new moisture with a
minus sign for all days during which P E exceeded new moisture. In
Column 5 is the daily estimate of soil moisture. When the figure in
1_/ C. W, Thornthwaite and J. Mather, The Water Balance
Publications in Climatology, Vol. 8, No. 1, Drexel Institute of Technology,
Laboratory of Climatology, Centerton, N. J., 1955,
column 4 is negative the daily change is figured as the percent of satura
tion for the previous days soil moisture multiplied by P-PE. For instance,
if the previous days soil moisture was only half of the saturation figure
then the change would be only half or 50 percent of the potential evapo-
transpiration that would have occurred if the soil had been saturated.
Column 6 is the change in soil moisture from the previous day. When new
moisture exceeds PE, the net difference is added directly to the previous
days amount and checked against the saturation figure to determine excess
or runoff moisture. Column 7 is the moisture deficit or the difference
between P-PE and the change from the previous day. Column 8 lists the
excess or surplus moisture, i.e., the amount for each day during which
total moisture exceeded the saturation figure.
Similar calculations for 2-4, and 6 inchvalues of available
capacity were made for each month of the growing season for all years
that weather data were available.
Secondly, the daily soil moisture conditions were summarized as
in Table 2.
Finally, the data in Table 2 was used in preparing Figure 1. The
midpoints of the drought days intervals of each half of the scale were
averaged. Then the corresponding figures from the percent column were
also averaged and the resulting two coordinate points were plotted on the
Figure. The lines on the figure were then drawn through these two coordinate
points. Since the scale used on Figure 1goes only to 99 the 100 percent
figures were not used.
All the other figures were prepared in the same manner.
Table 1, Illustration of the Calculation of Daily Soil Moisture Using Weathe:
Data at Brookings, May 1942 U
(2) (3) (4)
PE P-PE
inch inch inch
.74
.35
.00
-.03
.15
.75
-.07
-.09
-.10
-.09
.80
-.07
1.75
.58
-.05
-.08
.35
-.05
-.04
-.06
-.09
.59
-.09
-.10
-.15
.06
-.17
-.16
-.04
.62
-.11
(5)
Soil
moisture
storage
inch
4.00
4.00
4.00
3.97
4.00
4.00
3.93
3.84
3.74
3.65
4.00
3.93
4.00
4.00
3.95
3.87
4.00
3.95
3.91
3.85
3.76
4.00
3.91
3.81
3.67
3.73
3.57
3.43
3.40
4.00
3.89
Storage
change
inch
.22
.00
.00
-.03
.03
.00
.07
-.09
-.10
-.09
.35
-.07
.07
.00
-.05
-.08
.13
-.05
-.04
-.06
-.09
.24
-.09
-.10
-.14
.06
-.16
-.14
-.03
.60
-.11
Moisture
def.
inch
Moisture
surplus
inch
5.04
W The assumption was made that the soil was saturated when it contained
four inches of moisture and that starting soil moisture was 3.78 inches.
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Machine Procedure
The purpose of this part of the appendix is to explain how this
analysis was made using a 602A IBM machine.
The computations can be greatly simplified in case a #650 Data
processing machine is available. The following method was worked up to
use with a 602A having standard equipment only.
Tables were prepared using Thornthwaite's charts showing the
PE figure for each individual degree of temperature for each week group.
Table 3 is a copy of the table we used for our daily figures developed for
Brookings for weeks 1 through 4 (March 1 - 28).
Daily mean temperatures were computed and punched in the
regular daily 1009 IBM punch card deck. The cards were then sorted
by week groups. Weeks 1-4 were in group 1, weeks 5-9 in group 2, etc.,
throughout the season. In order to group cards within each week group
by individual temperatures the cards were then sorted on the tens digit
of the mean temperature field. This placed cards for all temperatures
00 through 09 in the zero pocket of the sorter. Cards for temperatures of
10 through 19 in pocket one, etc. The cards from each sortor pocket
were kept separate and sorted on the units digit of the mean temperature
field. All cards of the same temperature for the week group were together
As the cards were removed from the sorter pockets they were filed by
the PE figure as shown in Table 3 that corresponds to the temperature
for the group. The cards for each week group were handled in like manner
and all cards having the same PE figure were brought together for the
entire period of years for each station. The necessary identification
data from the original card deck were duplicated on a new deck together
with daily precipitation and on the same run the PE figures were gang
punched in the new card deck.
Since we need the difference between new precipitation and the
PE figure for each day the computations were made in a separate run
on the 602A. For all days during which PE was greater than new pre
cipitation, an X punch was placed in the first column of the P-PE field.
Due to the limited capacity of our 602A on this run of the cards through
the 602A we multiplied the P-PE figure on all negative punched cards by
the reciprocals of the saturation figures we planned to use in later com
putations. Following this run of the cards through the 602A the cards
were sorted in chronological order by days. The panel was wired to
accept the starting soil moisture on an "X" punched first card ahead of
the regular deck. For the "X" punched cards we then multiplied the
starting soil moisture by the figures in our (P-PE) (reciprocal of our
saturation figure) and subtracted the result from the starting soil mois
ture, The result was punched in the daily soil moisture field. The
change from this previous day was punched in an additional field. Then
the daily change was subtracted from the P-PE figure and punched as
moisture deficit. For the non "X" cards or those for the days when new
moisture exceeded PE the net result was added directly to the previous
days moisture and the result checked against the saturation figure. If
the total was greater than the saturation figure being used the saturation
figure was punched in the daily soil moisture field and the excess was
punched as moisture surplus.
Table 3, B^ookings Daily Mean Temperature and PE Figure For Weeks
1-4, March 1-28.
Temp. PE Temp Temp
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